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A b s t r a c t
The honey bee tracheal mite Acarapis woodi is an internal obligate parasite of adult hon-
ey bees (Apis mellifera). The small size of the mites and location within the bee’s trachea 
create a challenge for diagnostic identification. Detailed assessment of low-level mite 
infestation involves microscopic examination of the bee’s tracheae, but this traditional di-
agnostic method takes a long time. In recent years, new molecular diagnostic techniques 
have been developed to identify A. woodi with the use of PCRs. The purpose of this study 
was to compare the diagnostic sensitivity of microscopic examination and qPCR method 
for the detection of A. woodi in honey bee samples. Thirty-six samples were analyzed 
with both methods and qPCR was more sensitive than the microscopic method to detect 
A. woodi. This work demonstrates the practical application of molecular technology as a 
support tool for surveys and contingency management and to provide robust surveillance 
data on the presence or absence of A. woodi in honey bee colonies.
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INTRODUCTION 
The honey bee tracheal mite Acarapis woodi is 
an internal obligate parasite of adult honey bees 
(Apis mellifera). The presence of tracheal mites 
in honey bee colonies can affect their survival 
and also lead to a reduction in pollen collection 
and honey production (Sammataro et al., 2013). 
The small size of the mites (~120–190 μm) and 
their location within the bee’s trachea create a 
challenge for diagnostic identification, which has 
led to misdiagnoses of infestation (Evans, Pettis, 
& Smith,  2007). Detailed assessment of low- 
level mite infestations involves microscopic ex-
amination of the bee’s trachea. This traditional 
diagnostic method is very time consuming and is 
based on direct visualization of A. woodi or of the 
lesions in the tracheae of bees. In recent years, 
new molecular diagnostic techniques have been 
developed to identify A. woodi through  the use 
of  PCRs (Evans, Pettis, & Smith, 2007; Kojima 
et al., 2011; Garrido-Bailón et al., 2012; Cepero et 
al., 2015; Delmiglio et al., 2015). Real-time PCR is 
a tool with high specificity and sensitivity, which 
allows fast 2 h detection of pathogens through 
the selective amplification of a specific region of 
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DNA to be quantified with fluorescent markers 
throughout the reaction (Learmount et al., 
2009). The purpose of this study is to compare 
the diagnostic sensitivity of microscopic exami-
nation and qPCR method for the detection of 
A. woodi in honey bee samples.
MATERIAL AND METHODS 
A total of forty samples of Apis mellifera were 
analyzed in this study: seventeen from Chile, 
two from Uruguay, three from Venezuela and 
eighteen from Argentina. Samples belonging 
to Argentina had been previously analyzed by 
Szawarski et al. (2017) for A. woodi detection. 
Sampling bees were collected during the month 
of July, because A. woodi populations are 
more abundant in bee colonies during winter 
(Sammataro et al., 2013). In this study, each 
sample consisted of sixty bees collected from 
each colony. The bees were scooped from inside 
the hive through the use of plastic cups directly 
from combs in the honey super or from the inner 
covers where older bees congregate. Samples 
of adult worker bees were then transferred 
to properly labeled wide-mouth jars containing 
70% ethanol (Sammataro et al., 2013). 
From each analyzed honey bee colony, thirty 
bees were chosen randomly for the detection 
of A. woodi through visual inspection (n= 1200 
bees). This method consisted of pulling off the 
head and collar of the bee and examining the 
trachea, according to the technique developed 
by Milne (1948) for locating internal mites in 
individual bees. The bee was placed under a 
dissecting microscope and held prone with 
forceps across abdomen, and the head and the 
first pair of legs was scraped off with a scalpel 
or razor blade. The ring of the prothoracic 
sclerite (collar) was also removed using a fine 
forceps. The exposed tracheae of both sides 
were removed after carefully being detached 
from the thoracic wall. The removed tracheae 
were placed on a glass slide and examined for 
mites under a microscope.
Total genomic DNA was isolated from forty 
individual honey bees, one bee per colony, and 
then preserved in 70% ethanol with the use 
of  the commercial kit ADN HP PCR Template 
Preparation (Roche Diagnostics). To verify the 
success of DNA extraction from samples of 
individual bees and lack of inhibition of the PCR 
reactions, amplifications of beta actin gene of 
A. mellifera were conducted (Yang & Cox-Foster, 
2005). The thermal cycling conditions were one 
cycle of initial denaturation at 95°C for two min 
and forty cycles of denaturation at 94°C for 10 
s, annealing at 60°C for 15 s, and extension at 
72°C for 15 s. After amplification, a melting curve 
analysis was performed to confirm specific am-
plification of the PCR product. Bee samples with 
Ct values (threshold cycle) beta actin < 30 were 
considered appropriate for further analysis. 
Four samples, two from Uruguay and two from 
Chile, showed a beta actin Ct value higher than 
30 and were excluded from the final analysis. 
PCR amplification of the mitochondrial COI gene 
from A. woodi was performed with (AcarFor) 
5´-CGGGCCCGAGCTTATTTTACTGCTG-3´ and 
reverse primer (AcarRev) 5´-GCGCCTGTCAATC-
CACCTACAGAAA-3 .́ The expected size of the 
amplicon was 162 bp (Garrido- Bailón et al. 
2012). The thermal cycling conditions were one 
cycle of initial denaturation at 95°C for 2 min 
and forty cycles of denaturation at 95°C for 10 
s, annealing at 57°C for 15 s, and extension at 
72°C for 20 s. The specific temperature disso-
ciation of A. woodi PCR product was 76°C, and 
its reaction efficiency was calculated at 99%. All 
qPCR reactions were carried out in a thermocy-
cler Rotor Gene (Qiagen, Hilden, Germany) in a 
final volume of 20 μl using EvaGreen as fluores-
cent intercalating dye (KAPA Fast, Biosystems, 
Woburn, E.E.U.U.), and samples with Ct values 
< 30 were considered positive. To verify that 
the selected primers were specific to A. woodi, 
the amplified DNA fragments obtained with 
AcarFor/Rev primers pairs were purified and 
directly sequenced (ABI 3500 genetic analyzer, 
Applied Biosystems, Foster City, CA, USA). The 
sequences similarities were determined by 
the Basic Local Alignment Search Tool (BLAST, 
NCBI). To measure the agreement between the 
morphological technique and qPCR, the Kappa 
index was evaluated through the use of Epidat 
3.1. A value of kappa higher than 0.75 indicated 
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excellent agreement while values lower than 
0.4 indicated poor agreement.
RESULTS
A total of forty samples (1200 bees) were 
analyzed for A. woodi  presence through mor-
phological analysis, while thirty-six samples 
were analyzed through the qPCR technique. 
In four samples, A. woodi DNA was detected 
through qPCR (Tab. 1). Only in one sample from 
Chile, A. woodi adult females were detected 
through the morphological method (Fig. 1), 
subsequently confirmed through molecular 
detection and sequencing.
Clear DNA sequences were obtained from 
the sequencing of PCR products amplified 
by AcarFor/Rev primers in different A. woodi 
-infected honey bee samples. These sequences 
shared 100% identity among themselves and 
87-95% identity with other such sequences 
of A. woodi deposited in the Genbankas the 
A. woodi strains found in Canada (GQ916565.1), 
and isolates reported in United Kingdom 
(FJ603296.1) and Japan (AB638409.1).
Of the thirty-six samples studied with   the 
morphological technique and qPCR methods, 
one sample was positive by both (Tab. 1). 
The most remarkable finding was that three 
samples negative by morphological technique 
were positive by qPCR and confirmed through 
sequencing, which demonstrated that the 
molecular technique was more sensitive than 
the microscopic method (Tab. 1). The Kappa index 
Table 1. 
Concordance between diagnosis by qPCR and microscopic method of A. woodi in honey bee 
samples
 
Real time PCR 
positive result




positive result                           
1 0 1
Morphological technique 
negative result                           
3 32 35
Total 4 32 36
Fig. 1. Dissection of bees infected by the tracheal mite, sample from Chile. (A) Trachea which flows into the 
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was 0.37 (p=0.04) indicating poor agreement 
and   that the differences between techniques 
were statistically significant. 
Considering the microscopy technique as “gold 
standard”, the sensitivity of the PCR was 100% 
(95% CI: 50-100%) and the specificity 91.67% 
(95% CI: 81.25-100%). The accuracy of the PCR 
test was 91.89% (81.75-100%). The positive 
predictive value of the PCR test was 25% (95% 
CI: 0-79.93%) and the negative predictive value 
was 100% (95% CI: 98.48-100%).
DISCUSSION
Detection of tracheal mites currently relies on 
the physical examination of bees by dissection 
and microscopy, but it is a very laborious 
procedure and requires detailed and sustained 
attention by the screener. This method is 
repetitive and requires a high level of skill and 
concentration from laboratory staff. Due to the 
repetitiveness of the method, there is high risk 
of worker fatigue, which may inadvertently lead 
to a failure to detect mites. 
Until recently, there have been no PCR-based 
methods for the specific detection of  A. 
woodi.  The primers published by Evans, Pettis, 
& Smith (2007) have been shown to amplify 
other Acarapis species as well as other mites 
commonly found on honeybees. Kojima et al. 
(2011) published a conventional PCR method 
shown to amplify  A. woodi  DNA and not  A. 
externus.  In the present work, we used the 
primers described by Garrido-Bailón et al. (2012) 
and included a DNA extraction control. When a 
PCR-based method is used in routine analysis, 
a DNA extraction control will indicate false-
negative results. DNA extraction control is 
critical for analyzing field-collected samples. In 
the particular case of honey bee field samples, 
such factors inhibit PCR as pollen, honey and 
compound eyes of bees. In this work we used 
the amplification of a 152 bp PCR product of 
honey bee beta actin gene as internal control 
to verify DNA quality. In fact, four samples 
were discarded from the final analysis because 
they were not suitable for A. woodi molecular 
detection.
In our study, we analyzed a total of forty 
samples (1200 bees) for A. woodi presence 
through morphological analysis while thirty-six 
samples were analyzed through qPCR. Three 
samples negative by morphological analysis 
were positive by PCR, which demonstrates that 
this technique shows a substantial increase in 
diagnostic sensitivity and the possibility to avoid 
false negative results since 11% of the samples 
had A. woodi, while only 2.7% were  detected by 
the morphological technique.
This work demonstrates the practical applica-
tion of molecular technology as a support tool 
for surveys and contingency management and 
also provides a robust surveillance data on the 
presence or absence of A. woodi in honey bee 
colonies.
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